Proteolytic activity of central-nervous-system tissue of the normal rat was examined over the pH range 2-9 with casein, haemoglobin and myelin basic proteii as substrates. With casein as a substrate, brain and spinal cord homnogenates showed very similar activity profiles with increasing pH, with the min peaks of proteolytic activity at pH3-4 and 5-6.
protein as a substrate, and considerable hydrolysis were observed from pH3.5 up to pH8. Proteolytic activity at the various pH values was compared by using homogentaws of spinal cords from rats with acute expenniental allergic encephalomyelitis and those from rats injected with Freund's adjuvant alone. The profiles ofactivity were similar with peaks at pH 3.5 and 5.5 with casein as a substrate, but the specific activity was significantly higher at most pH values in the spinal-cord homogenates from rats with experimental allergic encephalomyelitis. Sinilarly the spinal.'rd homogenates from these latter rats contained much more proteolyticactivitytoward myelin basic protein throughout the pH range than was present in the control spal cords. Homogenates from lymph nodes of rats with experimental allergic encephalomyelitis and from those of the controls contained two to three times as much proteolytic activity as that of the central-nervous-system tissue and had a different proteolytic actvity profile from that of the central nervous system, with higher activity at the neutral than at acid pH. The results are discussed with regard to the probability that inflammatory cells such as lymphocytes may be the cause ofthe increased proteolytic activity in the central nervous system of animals with experimental allergic encephalomyelitis, and that enzymes from these cells possess the capability of digesting myelin basic protein.
Proteolysis in brain was shown to be active with such substrates as casein and haemoglobin (Marks & Lajtha, 1971) , and this activity can vary with pH according to the particular substrate used (Oja & Oja, 1970) . Little is known, however, of the separate enzymes involved or of their endogenous substrates in the central nervous system. Einstein et al. (1968) have shown that basic protein from central-nervous-system myelin is a substrate for brain acid proteinase, but this type ofstudy has not been extended to other enzymes. Evidence suggests that increased proteolytic activities which may be associated with certain demyelinative processes may be brought into the central nervous system by inflammatory cells (Smith et al., 1974) Control rats were injected with Freund's adjuvant containing the added Mycobacterium alone.
Basic protein
The basic protein injected into rats was obtained from purified myelin prepared from guinea-pig spinal cord by the method of Smith (1968) but by using only a single density-gradient separation. The well-washed freeze-dried myelin was extracted for 30min with 0.01 M-HCI in a motor-driven Teflon/glass homogenizer. The mixture was centrifuged at 17000g for 10min, and the supernatant fluid was freeze-dried and used as the purified myelin basic protein for induction of experimental allergic encephalomyelitis in Lewis rats.
Because myelin basic protein prepared by the above method contained some lipid, the basic protein used as substrate was prepared somewhat differently. Purified myelin from Wistar-rat brain and spinal cord was prepared by the same method as described above. The washed, frozen myelin was homogenized in chloroform/methanol (2: 1, v/v) in sufficient quantity to make a single phase, then filtered through a funnel containing glass wool in the stem. The filtrate was treated with 0.2vol. of 0.88 % (w/v) KCI, mixed well, centrifuged for lOmin at 1500g, and the aqueous phase removed by vacuum suction. The interface protein was removed with a glass rod and kept. Then a one-sixth vol. (upper phase) of 0.1 M-potassium citrate (Webster & Folch-Pi, 1961 ) was added, mixed, centrifuged for lOminat 1500g, and again theaqueous phase was removed and the interface protein kept. The pooled interface protein was extracted twice by homogenizing for 30min with 0.005M-HCI, and the extracts were freeze-dried. Chromatography of the basic protein on silicic acid-coated glass plates by using chloroform/methanol/NH3 (120:70:9, by vol.) as the liquid phase showed no material migrating from the protein that was stainable with iodine fumes; thus this preparation was presumed to be lipid-free.
Tissue preparation
The rats were decapitated, and the brains and spinal cords removed, immediately weighed and homogenized for 5tnin in 20vol. of 0.01 M-sodium phosphate buffer, pH6.5 (Bowen & Davison, 1973) , containing 0.1 % Triton X-100, by using a motor-driven Teflonglass homogenizer in a 4°C cold-room. The use of Triton X-100 was found to result in somewhat higher enzyme activity than in its absence. Spinal cords and inguinal and popliteal lymph nodes were removed from rats with acute experimental allergic encephalomyelitis and from control rats treated with Freund's adjuvant and homogenized as above.
Proteolytic-enzyme assays
Buffer solutions were 0.1 M in sodium acetate (pH2.0-6.5) and sodium phosphate (pH 5.0-8.0). Sodium citrate (pH2-5) and Tris/HCl (pH7-9) were also compared, but the use of acetate and phosphate buffers resulted in the highest activity. Substrates used for proteinase assay were a-casein, 20mg/ml (Sigma Chemical Co., St. Louis, MO, U.S.A.); rat myelin basic protein, 20mg/mi, homogenized in 0.001 M-HCl until clear; and urea denatured haemoglobin, 20mg/ml (Worthington Biochemical Corp., Freehold, NJ, U.S.A.). Preparation of the haemoglobin substrate was as follows: the haemoglobin was dissolved in 0.075M-HCI at 80°C. The solution was homogenized with a motor-driven Teflon/glass homogenizer and incubated for 60min at 37°C. The incubation mixtures consisted of 0.2ml of protein substrate and 1.6ml of buffer containing 0.1 % Triton X-100. The ionic strength of the buffers prevented any change greater than 0.1 pH unit after the addition of tissue homogenates and substrates and subsequent incubation. The mixtures were contained in stoppered tubes and incubated at 37°C with shaking at 80 oscillations/min for 3 h. Control tubes included tissue blanks without protein substrates incubated for 3 h and a complete mixture with 1.Oml of 20% (w/v) trichloroacetic acid added at zero time. The reaction was terminated after 3h with 1 .Oml of 20 % trichloroacetic acid. The precipitated material was removed by centrifugation, and the supernatant fluid filtered through glass wool and filter paper. Portions of the filtrate were assayed for ninhydrin-positive material (Moore & Stein, 1954) and for phenolic substances by the Folin-Ciocalteau procedure (Spies, 1957 Proteolysis of haemoglobin by spinal-cord homogenates occurred mostly at aid pH, with a broad peak ofactivity between pH2.5 and 6 and a secondary peak at pH6.5, when assayed by the ninhydrin method (Fig. Ib) . In contrast with the low pH required for haemoglobin proteolysis, hydrolysis of purified myelin basic protein by spinal-cord homogenate was active throughout the pH range studied, with only slightly higher activities in the acidic pH range (Fig. lc) . (9) Incubations and measurements were performed as described in Fig. 2 . Seven sets of animals were used; and results are averages of duplicate incubations (the vertical bars denoting the S.E.M.).
Proteinase activities in acute experimental allergic encephalomyelitis
In spinal cord of Lewis rats with acute experimental allergic encephalomyelitis, a moderate inincrease in proteinase activities over that of the Freund's-adjuvant-treated controls was measured at all pH values. Casein hydrolysis by spinal cords from rats with experimental allergic encephalomyelitis and by their Freund's-adjuvant-treated controls occurred with peaks of activity at pH 3.5 and 5.5, and resembled the normal pattern shown in Fig. la . At these activity peaks, casein hydrolysis by the tissue from rats with experimental allergic encephalomyelitis increased by 65% at pH5.5 and by 20% at pH3.5 (Fig. 2) . In the less-active neutral and alkaline pH ranges casein hydrolysis by the spinal cord from rats with experimental allorgic encephalomyelitis increased by 150-200% over that of the Freund'sadjuvant-treated controls. The differences between the proteolytic activity of the spinal cords from rats with experimental allergic encephalomyelitis and that from the controls were statistically significant (0) (Fig. 3) . The increase in proteolytic activity amounted to 63 % at pH4.5, with lesser Increases throughout the entire range, but at all pH values through the range 2-7.5, the increases were statistically significant (P = <0.05 or less).
The hydrolysis of myelin basic protein in lymphnode homogenates from Lewis rts with acute experimental allergic encephalomyelitis was active, but showed little difference from that of lymph nodes of Freund's-adjuvant-treated controls (Fig. 4) . The specific activities of the immunologically activated lymph nodes did not differ from those of normal lymph nodes (not shown), but the former lymph nodes weighed at least ten times as much as the normal. Proteolytic-activity peaks for lymph-node homogenates were at pH4.0 and 7.0. The greater rate of basic protein hydrolysis by lymph tissue than by nerve tissue was noteworthy, especially in the neutralpH area. Basic-protein hydrolysis in lymph-node homogenates at pH7.0 was 230-255% higher than the activity found in spinal-cord homogenates (cf. Figs. Ic and 4) , and similarly, the hydrolysis of endogenous proteins of lymph node was greatest at neutral pH (Fig. 5) . Increases in the hydrolysis ofendogenous Vol. 156 proteins by tissue homogenates from animals with acute experimental allergic enoephaltomyelitis were barely perceptible, and were not signiantly different from the tissues from Freund's-adjuvant-injected animals for either spinal cord or lymph node.
Discussion
Normalproteolytic-enzymeactivities m the centralnervous-system tissue were dependent on the pH, the substrate and the particular buffer used, as well as the mehod of assayb In the present study, several buffers and three substrates were compared, and two methods of assay were explored.
Proteolytic activity in spinal cord and in brain wat highest in the acidic-pH ranges when casein and haemoglobin were substrates as previously reported for whole-brain homogenates by Oja & Oja (1970) . Geneally the present results agree with the proteo. lytik-activity profile shown by these workers using these substrates. In contrast with the low proteolytic activities seen at neutral pH with casein and haemoglobin, the hydrolysis of purified myelin basic protein by central-nervous-system tisswues proceeded nearly as well at neutral as at acid pH, and in lymph-node tissue, basic proteinwas hydrolned best at neutral pH, as was the endogenous protein in spinal-cord and lymph-node tissue.
Catabolic enzymes, proteolytic enzymes in particular, have long been regarded as a probable factor in myelin disruption. This idea has been strengthened by the observed breakdown of myelin basic protein by purified brain acid proteinase to form toxic, encephalitogenic peptides, and by reported increases of proteimase activities in various demyelinative conditions (Einstein, 1972) . Acid proteinase has been identified as showing an increase at the edge of the multiple-sclerosis plaque with a concomitant loss of basic protein (Hallpike & Adams, 1969; Hallpike et al., 1970; Einstein et al., 1969 Einstein et al., , 1970 Riekkinen et al., 1970) . Increased activities of acid proteinase (Rauch et al., 1973; Govindarajan et al., 1974b; Hirsch & Parks, 1975) , of cathepsin A and neutral proteinase (Smith et al., 1974) , and of cathopsin B1 (Govindarajan et al., 1974b) have been demonstrated in central-nervous-system lesions of monkeys and rats with experimental allergic encephalomyelitis.
Basic protein in situ in purified myelin is easily hydrolysed by acetylated trypsin (Wood et al., 1974; Banik & Davison, 1974) , and purified basic protein is hydrolysed by purified brain acid proteinase (Einstein et al., 1968) , Pronase, and elastase (M. E. Smith, unpublished work). When associated with myelin lipid, basic protein may be partially protected from the activity of proteolytic enzymes (London & Vossenberg, 1973 (Stefanovic et al., 1962; Lapresle, 1971; Clausen & Jorgensen, 1972; Rauch et al., 1973; Smith etal., 1974; Govindarajan et al., 1974a) . This hypothesis is supported by electron-microscopic evidence for the invasion of mononuclear cells between lamellae of the myelin sheath during demyelination in guinea pigs in experimental allergic encephalomyelitis (Lampert & Carpenter, 1965) , and by electrophoretic and enzymic measurements indicating that lysosomal acid proteinase activity is both rich and localized in lymphocytes and macrophages (Stefanovic et al., 1962; Lapresle, 1971) . Hirsch & Parks (1975) have correlated increases in lysosomal enzymes, including acid proteinase and cathepsin A, with increased DNA concentrations, a measure of cellular invasion. Removal of the regional lymph node as long as 9 days after sensitization can prevent development of experimental allergic encephalomyelitis in the rabbit (Condie et al., 1970) .
These results confirm high proteolytic activity in lymphoid tissues and further indicate especially high activity at neutral pH. Although lymph-node homogenates hydrolyse basic protein, the activity was not shown to be altered with the development of experimental allergic encephalomyelitis when compared with homogenates from Freund's-adjuvant-treated controls or with homogenates ofnormal lymph nodes. Govindarajan et al. (1974a) found no difference in cathepsin B1 and D activities between lymphocytes obtained from multiple-sclerosis patients and controls, and Smith et al. (1974) found no differences in cathepsin A and D activities between lymph nodes obtained from Lewis rats with experimental allergic encephalomyelitis and those from the controls. The high activity of proteolytic enzyme is, therefore, not specific for the demyelinative condition, and the specificity undoubtedly lies in the target of the invading cells. If myelin-sensitized cells from lymph node or their progeny migrate into the nervous tissue, they may be involved in the demyelinative process by becoming 'myelin aggressors', causing oligodendrocyte lysis and separation ofmyelin lamellae as demonstrated by Lumsden (1971) for myelin-sensitized circulating lymphocytes in multiple-sclerosis patients.
Ifproteolytic enzymes were released, one might expect a greater release of neutral proteinase activity at the lesion site, since this is the proteolytic enzyme of greatest activity in the lymphoid tissue. Detection of this activity may be difficult because of the lability and the presence of inhibitors of neutral proteinases in the central nervous system (Vogel et al., 1968; Buletza & Quay, 1971) .
The present results demonstrate proteolytic activity in lymph nodes capable of hydrolysing myelin basic protein, especially at physiological pH. This activity, however, does not appear to be specific to encephalitogen-challenged lymphocytes, but may be an innate property of lymph node-cells, which multiply greatly when activated.
